LITTLE work has been done recently on this part of the enamel surface except that of Pincus on its permeability. He devised an ingenious method whereby he was able to show that detached pieces of the membrane were permeable to such substances as lactic acid (in varying concentrations) cystine, sucrose and sodium chloride. The significance of these facts is not yet established, but they suggest that if it should prove that different specimens have different rates of permeability-a possible factor in the rate of dissolution of enamel may have been found.
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President-S. F. ST. J. STEADMAN, L.R.C.P., M.R.C.S., D.P.H., L.D.S. [January 22, 1940] A Critical Review of Recent Histological and Other Researches on (a) NASMYTH'S MEMBRANE LITTLE work has been done recently on this part of the enamel surface except that of Pincus on its permeability. He devised an ingenious method whereby he was able to show that detached pieces of the membrane were permeable to such substances as lactic acid (in varying concentrations) cystine, sucrose and sodium chloride. The significance of these facts is not yet established, but they suggest that if it should prove that different specimens have different rates of permeability-a possible factor in the rate of dissolution of enamel may have been found.
It is interesting that experimental support is given, in part, to Pickerill's suggestion, many years ago, that the membrane acts as a dialysing membrane for the passage of calcium salts in solution in the saliva to be incorporated in the substance of the enamel and thus account for post-eruptive hardening. Calcium salts were not used in the experiments under consideration, but I have no doubt of their easy passage; indeed it is well established that enamel is permeable to water and salts although but slowly so, and Klein and Amberson think the passage is along the organic constituent. Mineral substances and stains may enter it from the mouth or from the dentine beneath ; and we find that it is possible to penetrate the tissue to a considerable extent both from without or from within the pulp chamber. The conflicting views regarding the development and nature of the membrane need not concern us except in so far as they might affect our ideas of the pathologv of some conditions, or are calculated to mislead as to the real state of affairs.
First as to the primarv cuticle or pellicle. It is taught in certain schools that it is a calcified structure, very difficult to demonstrate as it is usually destroyed by acids; Kronfeld going so far as to say that it is readily dissolved by acids and " therefore of no significance in connexion with dental caries ".
Other authors state that it is keratinous and highly resistant to acids. This is supported by the fact that those of us who have to demonstrate these things to students do so JULY-ODONT. 1 by detaching the cuticle from the enamel surface by means of weak acids. There is an accumulation of evidence that the organic material in enamel (which includes Nasmyth's membrane).is one of the keratins which apparently differs in certain respects from that found in the horny layers of the skin and oral mucous membrane.
Gies satisfied himself that the organic residue obtained from enamel after decalcification was a protein but did not ascertain its nature. Rosebury stated that it was more closely allied to neuro-keratin than to the keratins of the body surface. Pincus (1935) identified the protein of Nasmyth's membrane as a sclero-protein. This being the group of proteins of which keratin is a member. Later he defines enamel protein more particularly as containing tyrosin and resembling reticulin.1 As this substance (reticulin) is said to be a possible forerunner of collagen-found in any reticular connective tissue, the stateinent that it is present in enamel protein obviously needs confirmation.
Whatever the nature of the protein in the cuticle of Nasmyth's membrane, and whether it is calcified or cornified, it is obviously like the protein in the body of the enamel, not soluble in weak acids, and the statement that it is so should be deleted from the textbooks.
There is similar confusion and vagueness in some of the facts concerning the secondary cuticle or cellular portion of this membrane. This remark applies particularly to the source of the cells and the manner and time of their formation into a membrane.
Gottlieb, Orban, Kronfeld, and others, state that it is derived from the squamous cells of the epithelial attachment. As this structure is dependent upon the eruption of the tooth, one concludes that this portion of the membrane is also, according to their view, dependent upon eruption, and one wonders if it is intended to suggest that its source is the surface epithelium. Kronfeld definitely states that it is formed by the oral epithelium during the eruption of the tooth.
Meyer-Churchill denies the existence of the cellular part of the membrane except under pathological conditions. Noyes describes the secondary cuticle as lying between the primary cuticle and the cpithelial attachment, thus acknowledging the independent formation of the outer part of Nasmyth's membrane. The actual attachment, however, which is formed at eruption, is the union of the cells of the secondary cuticle (the remains of the enamel epithelium) with the horny cells of the surface epithelium. This is seen very clearly in Manley's preparations, where the epithelial attachment is sometimes torn away in cutting the sections. At times the break is between the membrane and the surface cells, but in places the union is so complete that many of the surface cells are found adhering to those of the membrane. It is a mistake to conclude that because the epithelial attachment is formed during eruption, the secondary cuticle is also dependent upon the eruption of teeth, for I have repeatedly found it on adult unerupted teeth. It is entirely a product of enamel epithelium that only comes into relation with the horny cells of the surface epithelium at eruption.
(b) ENAMEL The researches in relation to this tissue during recent years have been concerned chiefly with determining the presence or absence of organic matter and its disposition in the mature enamel, the nature of the protein present, the attempt to establish a lymph circulation, the rate of its deposition and changes subsequent to its deposition. It is now, thanks to the work of Bodecker, Beust, Leon Williams and others, generally acknowledged that the completely finished tissue contains a small amount of protein, although the chemical analyses differ from each other, and from that obtained by X-ray computation.
This may be partly explained by the excessive care taken to obtain the samples of enamel free from contamination from the dentine and the mouth fluids, with the result that the surface tissue and that near the amelo-dentinal junction are eliminated, and as Bodecker pointed out, it is in these places that the organic material is chiefly found. The chemical analyses of Sprawson and Bury (1928) 0-15%, Bowes and Murray (1935) 0.77% in this country, and H. C. Hodge (1938) 0-2-0-8% in America, have established that the organic material varies from 0-15%1 to 0-8%. The differences may possibly be individual to the samples examined, and perhaps to a small extent to the position in the enamel from which the samples were collected. It may be, as Bodecker states, that some samples contain a greater amount of enamel protein than others. I do not know of the existence of any reliable evidence that this is so, although I am quite prepared to find that it is true. The X-ray estimate of Thewlis of 5% organic, though not agreeing with chemical analyses, may quite possibly be true of some human enamels, and speaking generally, nearer to the actual facts in most samples than the chemical analyses would lead one to expect.
Other points established by X-rays which are of great interest to the histologist are (i) The thin strip of hypercalcified enamel on the surface; (ii) the gradual increase in calcification from the amelo-dentinal junction to the outer hypercalcified layer. Thewlis' suggestion that the rate and extent of this increase may have histological and clinical significance is worth bearing in mind.
We know from Chase's work on the enamel matrix that the process of calcification (or maturation as he calls it) of the matrix takes place in stages that can be recognized under the microscope by appropriate staining, during which the, at first, acid-insoluble matrix is converted into the acid-soluble completely calcified enamel. The process, according to Chase, should be completed in approximately three mnonths or a condition of hypoplasia results. It would appear from Thewlis' results that the calcification is never so complete at the inner and first formed part of the tissue as at the outer layer, and one wonders if this increased hardness of the surface occurs after eruption or in any way depends upon post-eruptive conditions. The experiments and measurements of Schour and Hoffman have been undertaken to establish the significance of the stratification lines in enamel and dentine. The ringlike concentric markings which are conspicuous where the striae of Retzius are sectioned transversely are, it is suggested, analogous to the rhythmic stratification found throughout plant and animal life and exemplified in the annual growth rings of trees, the bands of starch grains and many seeds, the colour of butterflies' wings, in the shells of mollusca, the pigmentation of the iris and the lamelke of the haversian canals in bone.
These authors point out that calcification and growth increment are separate processes which can be dissociated experimentally. In some species the rate of calcification and the rate of growth normally correspond as in the rodent incisor, but in others it varies with the species and the tooth, and time and level of formation. They have established a definite calcification rhythm of 16 Z daily in both enamel and dentine, in all species throughout the animal kingdom. This is expressed in the alternate dark and light rings such as are seen in an exaggerated form in a section of enamel transversely through the crown of a human tooth; each dark and light area making up a complete " ring ". In decalcified sections of dentine the rings can be brought out by appropriate staining. In the higher mammals (Macacus rhesus for instance), the incremental layers were found to vary in width in different parts of the tooth; in the gingival region they averaged 4 u daily, in the cuspal portion it was as much as 12-2 ,u while towards the root end it was no more than 2-4 ,u.
The variations in the rates of apposition and calcification are shown in human teeth by the width of the odontogenetic zone. This is already well known from the work of Erdheim, Wilton and others, who have shown its increased width in rickets where calcification lags behind increment. Similarly in cases where the calcification rate is greater than that of growth, the zone becomes narrower or is absent.
In human teeth one imagines the conditions will more nearly approach those found in monkeys than in other creatures where the measurements have been undertaken. If this is so, it is difficult to reconcile some of the accepted statements, as for instance, that human enamel prisms are built up of globules 4 It in diameter, one of which is added every twenty-four hours, with Schour and Hoffman's findings in monkeys of a daily accretion of 12-2 L in the cusp region. It would appear that the subject requires further elucidation.
Of the structure of enamel and its development there are still questions in dispute which recent research has done little or nothing to clear up.
Much confusion still exists as to the structure and functions of the enamel-forming cells and about such matters as the intercellular and interprismatic substances, the existence and source of the prism shcaths, the fenestrated membrane or honeycomb, the membrana preformativa, Tomes' processes and ameloblastic membranes, &c.
Some of the books mentioned contain statements such as that the interprismatic substance is "chiefly organic" and "less calcified than the prisms" and that "such organic matter as the mature enamel contains is chiefly in the interprismatic substance" which are at variance with the teachings of those who have hitherto been looked upon as the final authorities on enamel structure.
(Here followed a brief epitome of the more important views on the points mentioned, concluding with a description of Lams' paper with illustrated lantern slides made from Larns' original figures. 'I'hese figures are not illustrated here owing to pressure of space.)
The Amneloblasts
There is no general agreement on the cytology and functions of the ameloblasts. It is true that enamel is coming to be regarded more and more as a secreted product, and the ameloblasts in the light of secretion cells; but there are certain appearances, which, if the interpretation put upon them is correct, can only meamn that the cytoplasm of the cell is directly calcified to form the prism or rod.
The difficulties of studying the fine details of the structure of cells so delicate as the ameloblasts cannot easily be overestimated. The decalcification solutions which have to be used in all cases where calcitication is in active progress, and the prolonged immersion in reagents which is necessary for efficient impregnation probably interfere with the staining reactions, and produce shrinkage and distortion, so that much of the cellular detail is not brought out. Add to these difficulties those of obtaining sufficiently thin sections and of orientating such a complicated form as the enamel organ with its frequent change of direction of the cells to coincide with the tortuous course of the prisms, and some idea of the problems with which the histologist is faced will be obtained.
The active cells are very much crowded together, and the thinnest of paraffin or celloidin sections always contain more than one layer of cells making it almost impossible to be sure that the picture in focus is not confused with some detail of a cell above or below it. It is, therefore, not surprising that so much is uncertain and contradictory in the published descriptions.
The external and internal ameloblastic membranes, which have been an important feature of enamel development in most textbooks have now been superseded by the "terminal bar apparatus " or a structure derived from the latter and called by Lams, the " superficial and basal mosaics". The existence of the lateral membranes, which, according to Fish and others form the prism sheath, is verv doubtful and Lams offers an alternative explanation of the sheaths. The question of Tomes' processes is dealt with in a separate paragraph.
Granules and globules are described in the cytoplasm but it is not clear whether the former beconme incorporated in the latter or what becomes of them; and in some accounts the globules are regarded as calcospherites while in others it is specified that they are not.
Tomes' Processes and the " Honeycomb " or " Fenestrated Membrane" According to recent descriptions, the ameloblasts are furnished with three sets of processes-the central or Tomes' processes, the lateral, which pass to cells on either side and the distal which communicate with the cells of the stratum intermedium.
The Tomes' processes are still much discussed, and it is uncertain whether they are actual fibrils developed in the cvtoplasm of the ameloblasts, from the ends of which they pass to the forming enamel (Leon Williams, MVummery and others), or a secreted product of the cells (Lams, Orban, Meyer, Maximov, &c.) , or their uncalcified centres (Tomes).
Some authorities describe protoplasmic fibrils passing along the processes from the cells in the direction of secretion (Lams) which are incorporated in the prisms in which they are described by Gustavson as lying in a spiral form like the wires in a telegraph cable.
The processes pass into the spaces or "cells " of the "honeycomb " or "fenestrated membrane " a structure about which there is some confusion. It is variously described as (i) a partially calcified layer on the surface of the forming enamel, the septa of the comb being the partially calcified outer part of the prisms, and the cells, the uncalcified Tomes' process, or prism centre (Tomes) ; (ii) a network of the fibrils composing Tomes' processes which here spread out fanwise and cross and intermingle to be again drawn together to form the prisms. According to this description these fibrils form the basis of both prism and interprismatic substance (Mummery) ; and (iii) as a region of partly calcified interprismatic material developed from the " terminal bars " in the spaces of which the uncalcified Tomes' processes and granules of pre-enamel are found, the whole area being, according to Lams, identical with Huxley's membrana preformativa.
The interprismatic substance.-The views on this differ so much that the student is left in a state of bewildered doubt as to its existence (denied by Walkhoff, Tomes ?), or if it exists whether it exerts a cementing function (denied by Meyer) and whether it is wholly inorganic in nature (as stated by Leon Williams, Hopewell-Smith, Mummery and others) ; or is entirely organic (v. Ebner) ; or partly calcified but less so than the prisms (Meyer, Orban, Mellanby, and others) . Similarlv its origin is equally obscure, and it is still under discussion whether it is secreted by the cells of the stratum intermedium as maintained by Leon Williams, or is calcified intercellular fluid (Hopewell-Smith) ; or is a product of the enamel cells-an intercellular deposit (Fish) ; or is derived by proliferation of the recently described " Terminal Bars That it has a constitution differing from the prisms is supported by recent X-ray investigations of enamel (Thewlis and others) and examination by polarized light (Keil) ; and these, together with the histological and histochemical evidence should be sufficient to entitle one to state quite definitely that the interprismatic substance is a distinct entity, although as yet its nature and source are still under discussion.
The prism sheath. The possibility of staining mature enamel with silver nitrate has long been known. Underwood and Wellings showed stained edges of prisms in ground longitudinal sections of human enamel in 1913. This was independently shown by Leon Williams ten years later.
In the early accounts of enamel structure (Retzius, Swann, Owen), membranous sheaths or tubes are described " which enclosed the earthy matter of the rrinute prisms and served as the mould in which it was deposited ". Recently rediscovered by Lams, Malleson, and Leon Williams, the sheath is still the subject of conflicting discussion, and it has not yet been definitely ascertained whether it is a distinct structure independent of the interprismatic substance (Malleson, Fish, and others) , or is identical with it (Meyer, Orban); or whether it is derived from the lateral membranes of the ameloblasts (Fish), or, as stated bv Lams, is developed from the " terminal bars ". In this connexion it is permissible to call attention to the fibrils which are a marked feature of certain stages of all developing enamel. In very early enamel formation they take a brown coloration with the Bielschowsky process, similar to the collagenous fibrils in the pulp. It is not possible to say whether these are protoplasmic processes of the amelo-blasts (Tomes' processes) or prism sheaths, as they appear before the definite prism structure is established.
Later on in the young uncalcified enamel, and in the mature tissue when it has been suitably embedded they stain deeply with basic dyes and have been interpreted as prism sheaths (Lams, Malleson, Leon Williams, Fish, and others, &c.). There is, of course, the possibility that they arise, not as a direct product of cellular activity, but at some stage in the process of the transformation of the colloidal secretion of the ameloblasts into the crystalloid structure of the finished tissue. This may also apply to the mysterious membrana preformativa which has been described in so many situations as to be almost ubiquitous. It is to be noted that Lams, like Huxley, identifies it with the " honeycomb" and the "fenestrated membrane ".
Lams' Views on Enanael anzd its Developmenit
Lams agrees with the accepted view of the prismatic structure of enamel, the prisms being formed within a sheath and united by an interprismatic cement substance. It is in his views of the origin of the latter and the formation of the sheaths and the manner of the deposition and calcification of the prisms that the chief interest of the paper lies.
It is necessary first to say a few words about " terminal bars ", an expression in use in modern histological textbooks and some works on dental histology. They are associated with columnar epithelium on free surfaces. Orban describes them as thickened intercellular material which closes the intercellular spaces. Their origin is, however, still obscure. They are variously derived from intercellular bridges, thickened intercellular substance or from the protoplasm of the cells. Their function is to close the intercellular space to prevent the escape of lymph and the entrance of noxious liquids or substances. This thickened intercellular substance proliferates, and, according to Lams, produces two structures situated about the inner and outer ends of the ameloblasts, and called, the inner-" basal mosaic ", and the outer-" the superficial mosaic ". It will be seen that they correspond to the internal and external ameloblastic membranes, and they appear in a completely vertical section as uniform lines across the ends of the cells. It is only in oblique sections that the mosaic character appears. The internal structure is found only during calcification, but the external persists throughout the life of the cell. It is from this material that the interprismatic substance is formed, and it is stated that the calcium salts pass from the stellate reticulum, through the superficial mosaic to the ameloblasts, and through the intercellular material to the inner mosaic and on to the interprismatic material.
The proliferated terminal bar substance which is found between Tomes' processes takes the same stains as the granules in the ameloblasts and later in Tomes' processes; but presently the edges near the latter differentiate, and from this the prism sheaths are formed into which the granules of pre-enamel are deposited. It is this collection of interprismatic substance and pre-enamel within the sheaths that constitutes the honeycomb-the membrana preformativa.
The mechanism of the formation of an enamel prism and its sheath, and of the interprismatic substance, is explained in the following manner:-
The inner terminal bars, at first simple thin lines, gradually thicken and there appears a difference between the sides of the bars and the middle portion which becomes less easily stainable. It is from this part that the interprismatic substance arises. The sides of the bars which are more deeply staining, are extended to form the rod cylinders or prism sheaths as we call them. Into the cylinders thus formed the ameloblasts secrete the granules of pre-enamel which later calcify to complete the process.
The great proportion of the calcifying salts come from the colloidal substance occupying the spaces in the stellate reticulum, although Lams thinks it possible that some mav come through the dentinal fibres, which he says sometimes end in the interprismatic substance, and he shows them in earlier stages between the ameloblasts and even as far as the stellate reticulum.
He states that the calcifying liquid penetrates by way of the interprismatic substance, the calcium salts, one presumes, passing through the prism sheath to the pre-enamel. Lams seems also to agree with von Ebner's statement that the salts may pass through the protoplasmic filaments of the ameloblasts to the enamel-but the text is vague on this point.
SUMMARY OF .LAMS' VIEWS
(1) Enamel is formed of hexagonal or pentagonal prisms, with short interprismatic bridges passing from one prism to another.
(2) There are definite limiting membranes on the prisms, very delicate, and scarcely more stainable than the prism body which appears to be a condensation of the prism periphery.
(3) In reality the sheath is derived from the proliferation of the terminal bar substance surrounding the Tomes' processes.
(4) The prisms are joined by a cement, the interprismatic substance, also derived from the terminal bars.
(5) The ameloblasts have no cell membranes. They are connected to each other and to the cells of the stratum intermedium by intercellular bridges.
(6) They are surrounded at their outer ends by a thickened, possibly intercellular material, forming the terminal bars, which in a vertical section is shown as a distinct line resembling the external ameloblastic membrane; but in an oblique section has a mosaic effect-the superficial mosaic. This persists, according to Lams, throughout the life of the cell.
(7) A similar structure appears at the inner ends of the cells during enamel formation. It surrounds the Tomes' processes, which are the truncated ends of the cells projecting through the mosaic towards the forming enamel.
(8) The contracted Tomes' process, midway between the mosaic and the forming enamel, expands again to the width of the prisms-and in this expanded portion protoplasmic fibrils appear arranged longitudinally in the direction of the flow of secretion.
(9) Granules, which from their staining reactions suggest the kerato-hyaline granules of the hair, are formed in the cytoplasm of the ameloblasts.
(10) The inner terminal bars thicken-there is a differentiation of the edges which are extended to form the prism sheaths-the middle portion forming the interprismatic substance.
(11) In this meshwork formed by the terminal bars, Tomes' processes are passing, and along the processes the granules of pre-enamel are secreted to collect within the cylinders which form the prism sheaths.
(12) The calcific material which is stored in the colloidal substance of the stellate reticulum passes via the intercellular spaces of the stratum intermedium, through the superficial mosaic to the ameloblasts; and from there chiefly through the intercellular substance to the inner mosaic, and on to the interprismatic material, through which substance the calcium salts are chiefly distributed to the prisms.
(13) Some also pass through the protoplasmic filaments of the ameloblasts, and possibly some along the dentihal fibrils which may penetrate into the enamel organ.
(14) As the pre-enamel calcifies and the enamel substance grows in thickness, the rods settle against each other, become parallel and assume the prismatic form.
(15) The interprismatic substance is reduced to a minimum and as the edges of the prisms close together it is often very difficult to distinguish the cementing substance.
(16) The structure of the enamel prisms is homogeneous according to Lams. After a study of the conflicting views on the points raised in the foregoing review, the necessity of further research becomes obvious.
With regard to the statement that the interprismatic substance contains more organic material than the prisms, in so far as it is founded on Lams' work, I would point out that it is based entirely upon the staining reactions of Tomes' processes and the proliferated terminal bar stuff which is said to be basophilous. That, however, applies chiefly to the edges near the processes where the sheaths are developing. The portion which will form the cementing matter stains much more lightly. In the meantime granules of pre-enamel which are also basophilous and probably keratinous in nature, are being secreted by the ameloblasts and pass along the Tomes' process, crowding into the cells of the honeycomb packed into the prism sheaths which form the walls of the honeycomb cells. I do not say that this is a correct interpretation of the process of enamel formationindeed the question requires further investigation; but Lams' description affords no support to the assertions of Orban, Kronfeld, Noyes and others as to the organic nature of the interprismatic substance and the alntost entirely inorganic prisms.
(c) NERVES IN DENTINE
There is an increasing accumulation of evidence from many quarters that nervefibres do really penetrate the dentine. They have been demonstrated within the last decade by numerous investigators. Sealey (1932) describes nerve-fibres in the horn of the pulp which enter the dentinal canals directly, but at the sides and in the root portions of the pulp, he figures fibres running between the odontoblasts and the dentine and bending into the canals.
In addition to these intertubular fibres he shows coarser fibres winding in the matrix and giving off branches which are said to enter the tubules.
These extratubular fibres vary in thickness and are apparently in the odontogenetic zone only. Some sections taken near the surface of the crown show fibres which suggest nerves, but further work is necessary. Tojoda (1934) published another paper with further work on this subject, using his own special technique for the Bielschowsky process. He shows nerve-fibres in the tubules which they enter directly from the pulp and a nerve-fibre running horizontally in the odontogenetic zone and giving off branches which apparently enter the dentinal tubules in the calcified dentine. He does not connect up his nerve-fibres with the general nerve distribution of the pulp, but taken together with the other evidence, it affords valuable support.
AIuinch (1935) describes nerve-fibres accompanying the dentinal fibrils in the tubules, and extratubular fibres that cross the dentinal canals and give off lateral branches. He has, I believe, since published another paper in which he shows nerve-endings in the enamel. Van der Sprenkel (1936) has found looped nerve endings on the dentinal fibrils in the dentine of a human canine. Tiegs, 0. W. (1932),-using Bielschowsky preparations d.escribes fine nerve-fibres beneath and in the odontogenetic zone which terminate in minute leaf-like expansions on the dentinal fibril. Some of the nerve-fibres he has seen in the calcified dentine.
Occasionally he has found coarse fibres passing into the odontogenetic zone which sometimes branch into fine filaments with end-organs applied to the dentinal fibrils. He also found end-organs on the odontoblasts. Lewinsky and Stewart (1936) . The work is well known to members of this Society to whom it was first demonstrated. Of the two types of nerve-fibres described as passing into the odontogenetic zone, I was, after a first inspection, doubtful about the coarse, extratubular fibre being nerve, but after a most careful examination of a number of sections I have come to the conclusion that they are quite definitely nerve-fibres. Bradlaw, R. (1936 and 1939) , has done much work on the nerves in and around the teeth and in his latest paper showed some terminal loops in the odontogenetic zone, and some expansions attached to the fine nerve twigs between the odontoblasts, round or pear-shaped bodies, similar to the expansions seen by Tiegs. He is unable to decide 2. -A nerve fibre which can be traced to its nerve bundle running into the dentine where it is lost in the deeply stained odonto-genetic zone. Bielschowsky preparation.
x 800. 53 571 whether they should be regarded as end-organs or as nerve-cells. He has traced undoubted nerve-fibres into the dentine but is unable to decide as to their course in the dentine.
He figures a fibre entering a tubule (in cross section) from the matrix. Bradlaw seems to doubt the nervous nature of the fibres entering the tubules, because of some experiments in severing the main nerve supply.
Speaking for myself, I find less reason to doubt the nature of these intertubular fibres than those situated outside the tubules in the matrix, for Stewart and Lewinskv's preparations trace them right back to the main nerve. Also they can be seen definitely inside the tubules, and if there were any likelihood of their being v. Korff's fibres, this point would settle the question, for the latter are connected with, and are a part of, the matrix (see fig. 3 ).
In the pulp, it is sometimes very difficult, if not impossible, to distinguish the two tvpes of fibre. The conventional difference in the silver preparations is, of course, the vellowishbrown staining of the connective tissue fibres and their wavy or corkscrew character; FIG. 3 . v. Korff fibres of pulp running into the dentine matrix. what oblique; the spaces are the openings of the dentinal tubules.
preparation. x 550.
Section some-Gold chloride wvhereas the axis-cylinder of the nerve-fibre is black, and has a forthright appearance that cannot be mistaken as it runs through the pulp. It is only towards their terminations that the fibres take on the looped, spiral and complex forms that have been described; and it is here that the difficulty of distinguishing them from the v. Korff fibres arises. For the latter vary extremely in thickness, and may be as fine as the finest nerve-fibre; and in their argyrophilic or precollagenous stage are said to stain black like the nerves.
It is only when a fibre can be traced back to its nerve bundle that one can be suire that it is a nerve and not connective tissue.
It is this lack of means of differentiation between the two kinds of fibre that has caused the confusion, and Miummery's illustrations undoubtedly contain specimens of both, and with our present knowledge of the structure and persistence of the v. Korff fibres, it would be difficult to maintain that the fibres shown in his book as nerves are not con- fig. 3 (v. Korff). I have in my possession, however, two negatives (figs. 4 and 5) which Mlummery sent to me during the last week of 1924, which show fibres running from the pulp between the odontoblasts and entering the dentinal tubules, which in the light of evidence that has accumulated since that time, I have no hesitation in saving are nerve-fibres. If one is convinced that the fibres shown by Stewart and Lewinsky to enter the dentinal tubules are real nerve-fibres, then these photographs of Mummery establish his claim to have demonstrated the presence of nerves in the tubules of human dentine. A weak point in Mummery's work was, however, his failure to show the connexion of these fibres with the main nerves, and his description of the breaking up of the axis cylinder into its constituent neurofibrils does not seem to be in accordance with the facts.
Stewart and Lewinsky have, however, supplied the missing connexion. I cannot find out if these photographs have been published previously. It is difficult to believe that Mummery shoul-d not have reproduced them, either here or in America, for they are more convincing than anything shown in his book. Dr. Lewinsky, who has seen them, has no doubt of the character of 'the fibres. At the time probably Mummery thought the controversv over the fibres was at an end, and was preoccupied with the nerve-cells.
There is much uncertainty about the almost mythical plexus of Raschkow ( fig. 1 ). It is probable that the nerve arrangement varies extremely in the pulp, and it is possible that the conflicting descriptions are due to this variation.
(Some illustrations were shown of the nerve distributions and the breaking up of a nerve bundle, and entanglements of fibres that may be called plexuses. They are from different teeth, some gold preparations, others silver. These are not illustrated owing to pressure of space.)
It is coming to be recognized that the three varieties of sensation with which the teeth are concerned, i.e. touch, temperature sensations, and pain, are mediated by different types of nerve-fibres.
Touch by large myelinated fibres, temperature by myelinated fibres of an intermediate size, and pain by small myelinated or unmyelinated fibres.
In a series of experiments on five cats and one dog, Windle found that extirpation of the pulp brought about degeneration of those cells in the gasserian ganglion which supply the fibres of the pulp nerves.
Most of the cells affected were of the medium or small-celled kind. Pulps stained with osmic acid, pyridine-silver and chromic acid, showed many mediumsized and small myelinated fibres, the largest of which were 9-1O ft in diameter, the majority being less than 5 p,u while a few with very thin myelin sheaths were only 2 I in diameter. There were no large myelinated fibres, and only a few fibres unmyelinated. This latter observation is not substantiated by Brashear (1936) who undertook a similar investigatioh. He found that unmyelinated fibres formed 22% of the total, small myelinated fibres, less than 6 pin diameter, were 28% and medium and large fibres (6 10 p or larger) constitute the remainder. It follows then that the great majority of the nervefibres in human pulps are of the medium and small myelinated or unmyelinated varieties; and that pain is therefore transmitted by these"fibres.
The larger myelinated fibres which are concerned with the transmission of touch are to be found predominantly in the periodontal membrane.
The transmission of painful impulses by small myelinated fibres is not in accordance with what is known of the fibres that perform this function in the spinal nerves; but Windle points out that " there is good evidence that small myelinated nerve-fibres mediate painful impulses in other regionis," and Brashear suggests that a functional tvpe of fibre which in spinal nerves is unmyelinated, has developed in the cranial region into a mvelinated fibre indicated by a thin sheath of myelin.
